A new study in mice demonstrates that stimulating dorsal raphe serotonin boosts patient waiting but stimulation itself is not rewarding. Dorsal raphe serotonin's unique contribution provides a neural locus for impulsivity and related failures of patience.
Stopping by the café on your way to work you find an unusually long queue. Today's coffee is going to require more than just a few dollars, it's going to require patience. Are you able to wait? If yes, you may have your dorsal raphe serotonergic neurons to thank. In this issue of Current Biology, Fonseca, Murakami and Mainen [1] report that stimulating dorsal raphe serotonin in mice boosts patient waiting for a reward, even though this stimulation itself is not rewarding.
There has been recent interest in elucidating the role of dorsal raphe serotonin in patience [2] and reward [3] . This has been driven in part by advances permitting the selective excitation of serotonergic neurons in awake-behaving mice [4] . It also reflects an appreciation for the long-standing role of serotonin as a neuromodulator with widespread projections to the midbrain, forebrain and prefrontal cortices [5] . To date, the precise role of dorsal raphe serotonin in patience and reward has been unclear. Single unit recording has demonstrated signals for both patience [6] and reward [7] . One recent study [2] found stimulation of dorsal raphe serotonin neurons to selectively increase patient waiting, while another [3] found it to be intrinsically rewarding.
So is dorsal raphe serotonin critical to waiting or is it a signal for reward? In the laboratory, as in life, waiting patiently to receive a reward is intimately linked to the reward itself. With this in mind Fonseca et al. [1] devised a series of tasks that separately assessed the contribution of dorsal raphe serotonin stimulation to patience and reward. To do this, a blue-light sensitive ion channel that permits rapid neural excitation, channelrhodopsin, was selectively expressed in serotonergic neurons of SERT-Cre (SERT) mice -in which CRE recombinase is expressed under control of the serotonin transport (SERT) promoter -so that blue-light simulation would rapidly excite dorsal raphe serotonin neurons in the SERT, but not wild-type, mice.
The first task for the mice examined patient waiting using a particularly elegant design. Mice were required to hold in a waiting port until a tone was delivered, at which time they responded to a reward port below. The wait time was adjusted so that mice succeeded roughly half the time, allowing for increases or decreases in patient waiting to be observed. SERT and wild-type mice were given trials in which the amplitude and frequency of blue-light stimulation were varied. The results were clear: blue-light stimulation during the waiting period facilitated patient waiting in SERT mice, but not wild-type mice, in a dose-dependent manner. That is, increasing amplitude and frequency of blue-light, thereby increasing the firing of dorsal raphe neurons, boosted patient waiting. Analysis of other task periods found this enhancement in patient waiting was not simply due to motor effects. Of course, this result would also be expected if stimulation of dorsal raphe serotonin was itself rewarding.
To rule out this possibility, mice were tested in two place-preference procedures. The place-preference apparatus was composed of two distinct compartments: one was paired with blue-light stimulation, while the other was not. If stimulation of serotonergic neurons was rewarding, SERT mice should have come to prefer the stimulated compartment. When tested no such preference was found. An identical result was obtained when the place preference was assessed in 'real time', meaning that entering one compartment produced serotonin stimulation whereas entering the other compartment did not. The choice of which compartment to enter was indifferent to serotonin stimulation. It is possible that dorsal raphe serotonin is not rewarding outright, but may serve to influence processing of real-world rewards. To assess this possibility, the mice performed a task in which they chose to enter one of two wells. Each well was associated with different probabilities of reward as well as different probabilities of serotonin stimulation. These probabilities were varied across blocks' allowing the authors to track choice behavior as a function of reward probability and/or stimulation probability. Only reward probability influenced choice behavior. Dorsal raphe serotonin stimulation did not bias choice behavior in any direction.
Stimulation of dorsal raphe serotonergic neurons that is sufficient to boost patient waiting is insufficient to be rewarding. The finding of a selective role for serotonin in boosting patience is strengthened by recent findings that stimulation of non-serotonergic dorsal raphe neurons is rewarding [8, 9] . Taken together, the results suggest there are separate circuits for patience and reward in the dorsal raphe (Figure 1 ). Non-serotonergic signals for reward are mediated through projections to ventral tegmental area [8, 9] . Candidate regions to implement serotonergic signals for patience are the nucleus accumbens, prefrontal and orbitofrontal cortices [10] . These regions are integral to goal-directed actions [11] [12] [13] and receive strong serotonergic input [5] .
The need for patience extends well beyond getting your morning coffee. An inability to exercise patience (impulsivity) is a prominent component of attention-deficit/hyperactivity disorder and addiction [14] . By identifying dorsal raphe serotonin neurons as a central node, future studies may rapidly identify a more complete neural circuit for patient waiting.
